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Abstract

OBJECTIVE.—To describe antimicrobial resistance patterns for healthcare-associated infections
(HAISs) that occurred in 2011-2014 and were reported to the Centers for Disease Control and
Prevention’s National Healthcare Safety Network.

METHODS.—Data from central line—associated bloodstream infections, catheter-associated
urinary tract infections, ventilator-associated pneumonias, and surgical site infections were
analyzed. These HAIs were reported from acute care hospitals, long-term acute care hospitals, and
inpatient rehabilitation facilities. Pooled mean proportions of pathogens that tested resistant (or
nonsusceptible) to selected antimicrobials were calculated by year and HAI type.

RESULTS.—Overall, 4,515 hospitals reported that at least 1 HAI occurred in 2011-2014. There
were 408,151 pathogens from 365,490 HAIs reported to the National Healthcare Safety Network,
most of which were reported from acute care hospitals with greater than 200 beds. Fifteen
pathogen groups accounted for 87% of reported pathogens; the most common included
Escherichia coli (15%), Staphylococcus aureus (12%), Klebsiella species (8%), and coagulase-
negative staphylococci (8%). In general, the proportion of isolates with common resistance
phenotypes was higher among device-associated HAIs compared with surgical site infections.
Although the percent resistance for most phenotypes was similar to earlier reports, an increase in
the magnitude of the resistance percentages among £. coli pathogens was noted, especially related
to fluoroquinolone resistance.

CONCLUSION.—This report represents a national summary of antimicrobial resistance among
select HAIs and phenotypes. The distribution of frequent pathogens and some resistance patterns
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appear to have changed from 2009-2010, highlighting the need for continual, careful monitoring
of these data across the spectrum of HAI types.

In 2005, the Centers for Disease Control and Prevention (CDC) launched the National
Healthcare Safety Network (NHSN), a system used by the CDC, healthcare facilities, state
health departments, the Centers for Medicare and Medicaid Services (CMS), and other
organizations for surveillance of patient and healthcare personnel safety. NHSN’s
surveillance coverage includes a variety of healthcare-associated infections (HAISs), each of
which can be reported by acute care hospitals and other healthcare facilities. In its 10 years
of operational use, NHSN has grown to become the single largest HAI surveillance system
in the United States, with more than 17,000 healthcare facilities of varying types
participating and all 50 states represented.

Antimicrobial susceptibility test results for pathogens implicated in HAIs are an important
source of information about the scope and magnitude of emerging and endemic
antimicrobial-resistant infections in the United States. Analysis of NHSN data provides
summary measures of antimicrobial resistance prevalence; these can help inform decisions
about infection prevention practice, antimicrobial development and stewardship, and public
policies aimed at detecting and preventing transmission of resistant strains and/or their
resistance determinants, especially those with phenotypes having the fewest viable treatment
options.

This report is the third summary of NHSN antimicrobial susceptibility data and is based on
data reported to NHSN for HAIs that occurred in 2011-2014. This period coincides with an
increased use of NHSN by acute care hospitals, long-term acute care hospitals (LTACHS),
and inpatient rehabilitation facilities (IRFs) due to new HAI reporting requirements for
participation in CMS Quality Reporting Programs (QRPs).

This report follows the basic methodology of the first 2 reports2 and provides additional
and updated susceptibility results for select pathogens reported to NHSN. This report
complements other NHSN summary reports including the annual summary of infection rates
from the Device-Associated Module,3 and the national and state-specific HAI progress
reports.? In addition, the types of antimicrobial resistance data included in this report are
used to inform national estimates such as those published in CDC’s Antibiotic Threat
Report,® which presents antimicrobial resistance data from multiple surveillance sources in a
comprehensive overview of resistant infections in the United States. Some of these data are
also incorporated into the Antibiotic Resistance Patient Safety Atlas, which allows for a
detailed review of specific resistance data (available at http://www.cdc.gov/hai/
surveillance/ar-patient-safety-atlas.html).

METHODS

HAIs that occurred in 2011-2014 and were reported to the Device-Associated and
Procedure-Associated Modules of the Patient Safety Component of NHSN®-9 as of
December 16, 2015, were included in this report. These HAIs were reported from acute care
hospitals, LTACHSs, and IRFs, and include central line—associated bloodstream infections
(CLABSISs), catheter-associated urinary tract infections (CAUTIS), all surgical site infections
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(SSls) following inpatient procedures with a primary closure technique, and ventilator-
associated pneumonias (VAPS). VAP surveillance in adult locations was retired from NHSN
in January 2013 and was replaced with the surveillance of ventilator-associated events
(VAES). Therefore, VAP data in this report are limited to events in 2011-2012, and this will
be the last report to include such data. Postprocedure pneumonias, asymptomatic bacteremic
urinary tract infections, and pediatric VVAPs, each of which accounted for less than 1% of
reported HAIs, were excluded from these analyses. NHSN surveillance methodology has
been reported elsewhere®-9 and is summarized in the first NHSN antimicrobial resistance
report.

Pathogen and antimicrobial susceptibility data reported to NHSN are provided by the
facility’s designated clinical microbiology laboratory. At most, 3 pathogens can be reported
per HALI. For some pathogens, there is a select group of antimicrobials for which
susceptibility test results must be reported if testing was performed. Laboratories are
expected to use the current Clinical and Laboratory Standards Institute standards for
antimicrobial susceptibility testing.10 Susceptibility results were reported using the category
interpretations of susceptible [S], intermediate [I], resistant [R], or not tested. Because
laboratories may test different antimicrobial agents within a class, for some phenotypes,
resistance was defined using at least 1 of several agents within the same class.

Resistance for Staphylococcus aureus and Enterococcus spp. phenotypes included those
pathogens that tested R to oxacillin, methicillin, or cefoxitin (methicillin-resistant S. aureus),
or vancomycin (vancomycin-resistant Enterococcus). To be defined as resistant to extended-
spectrum cephalosporins, pathogens must have tested | or R to either ceftazidime or
cefepime (Pseudomonas aeruginosa) or to ceftazidime, cefepime, ceftriaxone, or cefotaxime
(Enterobacteriaceae). Carbapenem resistance, as defined in this report, included all
applicable pathogens with a result of I or R to imipenem, meropenem, or doripenem unless
otherwise noted. Fluoroquinolone resistance was defined as a result of | or R to either
ciprofloxacin or levofloxacin (P, aeruginosa) or to ciprofloxacin, levofloxacin, or
moxifloxacin (Escherichia coli). Aminoglycoside resistance in A2 aeruginosa was defined as
a result of 1 or R to gentamicin, amikacin, or tobramycin. Finally, definitions of multidrug-
resistance required a test result of | or R to at least 1 agent within a class—thus establishing
nonsusceptibility to the class—and nonsusceptibility to at least 3 of the specified classes. For
Enterobacteriaceae species and £, aeruginosa, 5 classes were included in the criteria:
extended-spectrum cephalosporins, fluoroquinolones, aminoglycosides, carbapenems, and
piperacillin or piperacillin/tazobactam. A sixth class, ampicillin/sulbactam, was included in
the criteria for multidrug-resistance for Acinetobacter spp. These criteria approximated
interim standard definitions for defining multidrug-resistance.1! Results from Klebsiella
pathogens were limited to K. pneumoniae and K. oxytoca combined; other species of
Klebsiellawere extremely rare and excluded from the analysis.

As discussed above, carbapenem-resistant Enterobacteriaceae (CRE) was defined in this
report as any K. pneumoniae, K. oxytoca, E. coli, or Enterobacter spp. that tested | or R to
imipenem, meropenem, or doripenem. However, this definition was updated in NHSN in
2015 to increase detection of carbapenemase-producing strains.12-14 To anticipate the
impact of the updated CRE definition, the resistance percentages for CRE using both the
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current and updated definitions were calculated using 2014 data. In subsequent reports, CDC
will use only the updated definition, which includes the above mentioned Enterobacteriaceae
pathogens that test R to imipenem, meropenem, doripenem, or ertapenem.

Data were analyzed with SAS software, version 9.3 (SAS Institute). For reporting hospitals
and all reported HAIs and pathogens, absolute frequencies and distributions were calculated
by hospital characteristic, HAI, surgery, and location type. The 15 most frequently reported
pathogens were identified, and their frequencies and ranks within each HAI or surgery type
were calculated. For each HAI type and period, a pooled mean percent resistance was
calculated for each pathogen-antimicrobial combination (ie, sum of pathogens that tested
resistant, divided by the sum of pathogens tested for susceptibility, multiplied by 100). The
pooled mean percent resistance was not calculated for any phenotype for which less than 20
pathogens were tested. In addition, the percentage of pathogens that were tested for
susceptibility (sum of pathogens tested for susceptibility, divided by the sum of total
pathogens isolated, multiplied by 100) was calculated for each pathogen—antimicrobial agent
combination.

Statistical analyses were not performed to test for temporal changes in the resistance
percentage in 2011-2014, and thus, this report does not convey any definitive conclusions
regarding changes in resistance over time. The results and discussions presented in this
paper are based solely on observed differences in the magnitude of the resistance percentage.

Distribution of Infections and Pathogens by Hospital, Procedure, or Location Types

From January 2011 through December 2014, a total of 365,490 HAIs were reported to
NHSN from 4,515 hospitals. The relative proportions of HAIs varied by hospital type and
size, with most HAIs reported from general acute care hospitals and hospitals with greater
than 200 beds (Table 1). Overall, 408,151 pathogens were reported across all 4 HAI types;
38% of pathogens from CAUTIs, 37% from SSls, 24% from CLABSIs, and 2% from VAPs
(Table 2). Among the pathogens reported from SSls, 51% were associated with abdominal
surgeries (which includes colon surgeries, one of the procedures required by CMS’ Hospital
Inpatient QRP) and 23% from orthopedic surgeries (Table 2). Each HAI was associated with
an average of 1.1 reported pathogens.

Pathogens from device-associated HAIs were reported from 17,600 individual locations
within hospitals, including adult and pediatric critical care units, neonatal intensive care
units, inpatient wards, step-down units, and others (Table 3). Fifty-three percent of
pathogens from device-associated infections were reported from adult critical care units
within acute care hospitals, of which the single largest contributing type was medical/
surgical units (Table 3).

Pathogen Distribution

Overall, 87% of reported pathogens were from 1 of 15 pathogen groups (Table 4). The most
common pathogens included £. coli (15.4%), S. aureus (11.8%), K. pneumoniae and K.
oxytoca (7.7%), coagulase-negative staphylococci (7.7%), and Enterococcus faecalis (7.4%)
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(Table 4). Each pathogen group was assigned a rank within each HAI type; the most
prevalent pathogens were coagulase-negative staphylococci (CLABSI), E. coli (CAUTI),
and S. aureus (VAP and SSI) (Table 4). Pathogen rankings would be impacted if some
species were analyzed within their genus group. If all Enterococcus species were analyzed at
the genus-level, this group would be considered the second most common pathogen across
all HAI types, and the single most common pathogen among CLABSIs. If all Candida
species were analyzed together, this pathogen group would be considered the fourth most
common pathogen across all HAI types, and the second most common among CAUTIs.

For the 149,009 SSI pathogens reported, the pathogen distribution varied by surgery type
(Table 5). S. aureuswas the most prevalent SSI pathogen for most types of surgery, but £.
coliwas more prevalent in abdominal surgery SSls. Enterococcus species were associated
with almost 30% of transplant surgery SSls.

Percent Tested and Percent Resistance

The percent of pathogens tested for susceptibility varied by phenotype, HAI type, and period
(Tables 6-9). Similar to the previous report, high susceptibility testing frequencies (ie,
>90%) for almost all years included in this report and across all HAI types were reported for
S. aureus testing to oxacillin/methicillin/cefoxitin, £. coliand P. aeruginosatesting to
fluoroquinolones, P aeruginosa testing to aminoglycosides, and Enterobacter spp. and P,
aeruginosa testing to extended-spectrum cephalosporins (Tables 6-9). The percent of 2
aeruginosa tested for aminoglycoside susceptibility in 2014 was at least 94% for all HAIs,
which appears to be higher than values published in the previous report.2 Although the
values varied by HAI type, hospitals continued to report low testing frequencies, especially
in 2014 (range, 66.0%-73.3%), for K. oxytocaand K. pneumoniae, E. coli, and Enterobacter
spp. to carbapenems (Tables 6-9).

The percent resistance for most pathogens was generally lower among SSIs compared with
device-associated HAIs, and differed only slightly between device-associated infection
types. Acinetobacter spp. resistance to carbapenems (64.0%) and multidrug-resistance
(69.1%) in 2014 appeared highest in CAUTI (Table 7). In addition, the magnitude of the
resistance percentage appears to be changing for certain phenotypes. For all HAIs, the
proportions of Acinetobacter pathogens with the 2 resistant phenotypes were noticeably
lower in 2014 compared with 2011. A lower proportion of K/ebsiella pathogens among
CLABSISs in 2014 were resistant to extended-spectrum cephalosporins or identified as
multidrug-resistant compared with 2011-2013 (Table 6). However, a higher proportion of £.
coli pathogens were reported with fluoroquinolone resistance each year in 2011-2014 in
CLABSIs, and more frequent reporting of multidrug-resistance and extended-spectrum
cephalosporin resistance among CLABSI and CAUTI E. coli pathogens was seen in 2013
and 2014 compared with earlier years (Tables 6 and 7).

The proportion of Enterobacteriaceae that were resistant to carbapenems (CRE) was highest
among CLABSI pathogens, particularly K. pneumoniae and K. oxytoca (Table 10). In 2014,
7.1% of all tested Enterobacteriaceae CLABSI pathogens were resistant to carbapenems,

whereas 4.0% and 1.8% of CAUTI and SSI Enterobacteriaceae pathogens were carbapenem-
resistant (Table 10). Applying the updated CRE definition resulted in a small decrease in the
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percent resistance and an increase in the percent of pathogens tested for susceptibility (Table
10).
DISCUSSION

These data underscore the broad reach of the antimicrobial resistance problem and the
challenges confronting clinicians, healthcare organizations, public health agencies, and
patients throughout the nation. This is the first NHSN antimicrobial resistance report to
include data representative of almost all acute care hospitals, LTACHs, and IRFs in the
United States, a reporting milestone made possible by the increase in NHSN’s surveillance
coverage in 2011-2014 as a result of expanding federal and state HAI reporting
requirements. The CMS Hospital Inpatient QRP mandated the reporting of CLABSIs among
critical care patients starting in January 2011, and the reporting of CAUTIs in critical care
patients and SSls following abdominal hysterectomies and colon surgeries in January 2012.
CMS mandated CLABSI and CAUTI reporting from LTACHs and CAUTI reporting from
IRFs in October 2012. Although this report may not be representative of the entire US
patient population, CMS QRPs and numerous state mandates have helped to increase the
consistency and applicability of the reported data, allowing this report to provide the first
comprehensive national picture of antimicrobial resistance from clinically relevant infections
reported to NHSN. The data in this report can be considered a national benchmark for HAI
antimicrobial resistance among select phenotypes.

Compared with earlier reports, an increasing proportion of data was reported from LTACHSs,
critical access hospitals, and IRFs.2 Although device-associated HAI surveillance has
increased in ward locations in recent years, most pathogens were reported from critical care
units. In January 2015, CMS expanded the reporting requirements for hospitals to include
CLABSIs and CAUTIs from adult and pediatric medical, surgical, and medical/surgical
wards. As reporting requirements expand to additional locations, analyses will become more
inclusive of varying patient populations. In addition, as reporting increases from different
facility types, analyses will allow for a more accurate assessment of how widespread any
one resistant phenotype is among facility types, and how successful facilities and states have
been in curtailing the spread of resistant phenotypes.

There have been some changes in the distribution of reported pathogens compared with
previous reports.2 With the increase in reporting of CAUTIs due to CMS QRP requirements,
E. colibecame the most common HAI pathogen, and an increase in the reporting of yeast
was seen. However, in January 2015, NHSN’s definition of CAUTI was modified such that
only those events in which bacteria are identified as causative organisms are considered
CAUTIs. This change will eliminate Candida spp. and other yeast reported for CAUTIs in
future years; however, these organisms will continue to be reported and tracked among the
other NHSN infection types. The relative proportions of Acinetobacter spp. and Serratia spp.
decreased and were no longer among the 15 most prevalent species reported across all HAISs.
Both Bacteroides spp. and viridans streptococci emerged as prevalent SSI pathogens in
2011-2014, and were commonly reported from abdominal and neck procedures,
respectively.
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Although no statistical tests for significance were performed on the 4 years of data included
in this report, there were clinically meaningful changes in the magnitude of the percent
resistance worth noting that highlight areas to monitor closely in future years. The
magnitude of the resistance percentages among Acinetobacter spp. appears to be decreasing
in recent years across all HAI types. The cause of a decrease and whether or not it represents
a true decrease in the prevalence of resistant pathogens are not known. Increases were seen
in the proportion of £. coliisolated from device-associated HAIs that tested resistant to
fluoroquinolones, extended-spectrum cephalosporins, and those identified as multidrug-
resistant. This could be reflective of the spread of E. coli sequence type 131 (ST131), which
often produces extended-spectrum B-lactamases and is frequently resistant to
fluoroquinolones. 1516

Also of note is the declining percentage of Enterobacteriaceae isolates with reported
susceptibility test results for carbapenems. This may be due to cascade testing practices
within laboratories and/or implementation of various suppression rules in the display of
carbapenem test results. Regardless, the magnitude of the resistance percentage for
carbapenem-resistant Enterobacter spp. appears to have increased slightly in recent years,
whereas carbapenem-resistant Klebsiellaand E. coli have remained more level. CRE
continues to be an important cause of HAIs, and these data highlight the need to respond
aggressively to prevent further transmission. CDC’s guidelines for CRE management,
including a CRE Prevention Toolkit, can be found at http://www.cdc.gov/HAI/
organisms/cre/index.html.

The updated CRE definition revealed a slight decrease in the percent resistance compared
with the current definition. This decrease was driven by an increase in the number of isolates
included in the denominator (ie, number tested), because the updated CRE definition
captured additional isolates with susceptibility data for only ertapenem. Although there were
some increases in the number of isolates counted as CRE, this had a minimal effect on the
resistance percentage owing to the removal of pathogens from the numerator that tested
intermediate to carbapenems.

Our results are subject to limitations. As antimicrobial resistance data captured in NHSN are
representative of almost all clinical laboratories in the country, differences may exist in the
testing and reporting methods between laboratories that could cause inconsistencies in the
reported data. NHSN captures only the category interpretation and not the measured
minimum inhibitory concentration, and we therefore are unable to account for differences in
the interpretations of breakpoints between laboratories. In addition, some facilities may
perform selective testing of broad-spectrum agents or have suppression rules in place that
prevent testing results from being readily available to NHSN data entry personnel. Although
this may result in some selection bias, any inflation of proportions is likely to be small
because most reported isolates had testing results for most phenotypes.

These data represent a current assessment of the prevalence of antimicrobial-resistant
phenotypes associated with HAIs reported to NHSN across over 4,500 healthcare facilities
in the United States. In a recent report, CDC estimated that 14% of all HAIs that occurred in
acute care hospitals in 2014 were caused by an antibiotic-resistant threat pathogen.1” The
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data shown in this report, used in conjunction with other available data, should alert the
infection prevention community to the need for vigilance in the identification and
implementation of appropriate infection control and antimicrobial stewardship activities as
they address the challenges caused by antimicrobial resistance in their facilities,
jurisdictions, regions, and across the nation.
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Characteristic

No. (%) of hospitals reportinga(n =4,515)

No. (%) of HAISs reported (n = 365,490)

Hospital type
General 3,180 (70.4) 321,487 (88.0)
Long-term acute care 508 (11.3) 23,827 (6.5)
Critical access 342 (7.6) 1,772 (0.5)
Rehabilitation” 226 (50) 1,993 (05)
Surgical 76 (1.7) 1,230 (0.3)
Children’s 74 (1.6) 6,899 (1.9)
Military 28 (0.6) 886 (0.2)
Orthopedic 23(0.5) 592 (0.2)
Oncology 18 (0.4) 4,163 (1.1)
Veterans Affairs 14 (0.3) 647 (0.2)
Women’s and children’s 10 (0.2) 1,052 (0.3)
Women’s 10(0.2) 920 (0.3)
Psychiatric 6(0.1) 22 (<0.1)

Hospital bed size
<50 1,226 (27.2) 17,378 (4.8)
51-200 1,924 (42.6) 68,080 (18.6)
201-500 1,101 (24.4) 154,225 (42.2)
>501 264 (5.8) 125,807 (34.4)

a S .
The number that have reported at least 1 HAI used in this report in 2011-2014.

Does not include inpatient rehabilitation facilities reporting to NHSN as locations within enrolled acute care hospitals.
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